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Fines productionAbstract Well productivity decline have been widely observed for gas wells producing the reservoir
ﬁnes. The phenomenon has been explained by the lifting, migration and subsequent plugging of the
pores by the ﬁne particles, ﬁnally resulting in permeability decrease. It has been observed in numer-
ous core ﬂood tests and ﬁeld cases.
This paper is based on a study and evaluation of a gas ﬁeld in the North-western margin of the
Nile Delta. It is a super gas ﬁeld with current production capability of 0.8 Bcf/d. It has the potential
to produce above this level with the current stock of wells but have only been limited to this
through-put due to considerable losses in well productivity that the wells have experienced in recent
years due to ﬁnes migration phenomenon.
Well testing analysis and well performance analysis were done to detect formation damage and
provide an overall measure of formation damage. Laboratory core ﬂood tests had been used to
determine the causes, degree, and extent of damage. Scanning electron microscopy (SEM) was used
to analyze the rock samples used for the core ﬂood test before and after the test. Core ﬂood test had
been done to evaluate the effect of acid on improving and curing damaged cores. Matrix acid stim-
ulation on a case study from the studied ﬁeld was evaluated.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Mobilization of ﬁnes can severely damage a well’s productivity
and is one of the most costly sources of well damage identiﬁed
to date. Termed ﬁnes migration, the phenomenon is complexbut governed largely by mineralogy, permeability, salinity
and pH changes as well as drag forces created by ﬂow velocity,
turbulence and ﬂuid viscosity [1–9].
Formation ﬁnes are deﬁned as loose or unconﬁned solid
particles present in the pore spaces of sandstone formations
and the particles are usually smaller than 40 microns.
Migration of the tiny formation ﬁnes during hydrocarbon pro-
duction has been a major challenge in the industry for decades.
Fine particles are always present in hydrocarbon formations.
Numerous laboratory, theoretical modeling, and ﬁeld studies
indicated that a major cause of formation damage is the
transport of ﬁne particles in porous medium [10].
Figure 1 WDDM production history.
Figure 2 WDDM wells PI trends.
516 S.K. Galal et al.West delta deep marine (WDDM) concession provides
a template for a proper case study of formation damage
due to ﬁnes migration and the proposed solutions and this
is made more plausible due to their different stratigraphic
columns, natural pay zones, rock reservoirs and well
nature.2. WDDM productivity loss problem
During the production life of WDDM, a considerable
decline had been noticed due to considerable losses in well
productivity that the wells have experienced in recent years
(Fig. 1).
Figure 3 Sapphire De completion and logs.
Figure 4 Sapphire De well performance.
Formation damage due to ﬁnes migration 517Pressure Transient Analyses (PTA) of permanent downhole
gauge (PDHG) build-up data, obtained during well shut-ins,allows identiﬁcation of the contribution of skin and effective
permeability thickness (kh) to a given well productivity loss.
Figure 5 Sapphire De skin.
Table 1 CAT results for WDDM wells.
Well Depth (m) Visible features on the CT scan
Sapphire
Dj
2796.43 (2
samples)
The CT scan showed no visible bedding
features. The core sample appeared
relatively homogeneous with high and
low X-ray density spots scattered
throughout. These most likely
represented coarser grains or patchy
cementation. No other sedimentary
features were observed within the core
sample.
Rosetta
10
1470.89 The CT scan image showed that this was
a homogenous core sample with some
scattered, randomly distributed X-ray
denser patches, which probably
represented (more likely) individual
grains or patchy cementation. No other
sedimentary features were seen within the
sample.
Figure 6 Coreﬂood test apparatus.
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ductivity can be attributed either to increased skin or reduced
effective permeability thickness (kh) [11].
In recent years, there has been a substantial loss in produc-
tivity in most WDDM wells as shown in (Fig. 2) below.
3. Investigation results for one of the WDDM wells
Sapphire De (Fig. 3) started production in September 2005
(Fig. 4). Two useful pressure transient records are available
for this well with one of them at the clean-up stage in 2005.
Total skin has however increased within the producing life
of Sapphire De although the actual trend cannot be deter-
mined from two data points. From the decomposed total skin
history (Fig. 5), mechanical or damage skin has reduced while
the D-factor has increased. Possible inference from this trendwould be situation of plugged screen which will increase
non-darcy skin represented by D-factor.
4. Reservoir conditions coreflood tests
Reservoir conditions ﬂowrate dependency coreﬂood tests were
performed with humidiﬁed nitrogen gas to assess any perme-
ability alteration that may indicate possible ﬁnes migration.
The core samples were scanned using computerized axial
tomography (CAT) before testing in order to conﬁrm that they
were representative and that any laminations/ﬂow conduits
ran parallel to the length of the core samples. The CAT pho-
tographs of the core samples provide the data necessary to
avoid highly indurated areas, pyrite, and fractures, and to
ensure any conduits or laminations that ran parallel along
the length of the core sample (Table 1).
Table 2 Coreﬂood test conditions.
Sample Overburden
pressure (psi)
Reservoir
pressure (psi)
Eﬀective
pressure (psi)
Flowrates (ml/min) Reservoir temperature
(C)
Sap Dj_1 7966 3704 4262 100, 500, 870, 1000, 1500 77
Sap Dj_2 7966 3704 4262 100, 500, 870, 1000, 1500 77
Rosetta 10 2581 2581 0 50, 100, 200, 300, 500 77
Table 3 Sample Sap Dj_1 coreﬂood test results.
% Change on base
speciﬁc permeability to
nitrogen gas after 100 ml/
min ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 500 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 870 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 1000 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 1500 ml/min
ﬂowrate
+1.78 +1.69 +2.88 +3.38 +4.15
Table 4 Sample Sap Dj_2 coreﬂood test results.
% Change on base
speciﬁc permeability to
nitrogen gas after 100 ml/
min ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 500 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 870 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 1000 ml/min
ﬂowrate
% Change on base speciﬁc
permeability to nitrogen
gas kg after 1500 ml/min
ﬂowrate
3.57 6.99 9.19 16.3 22.3
Table 5 Sample Rosetta 10 coreﬂood test results.
% change on base speciﬁc
permeability to nitrogen
gas after 50 ml/min
ﬂowrate
% change on base speciﬁc
permeability to nitrogen
gas kg after 100 ml/min
ﬂowrate
% change on base speciﬁc
permeability to nitrogen
gas kg after 200 ml/min
ﬂowrate
% change on base speciﬁc
permeability to nitrogen
gas kg after 300 ml/min
ﬂowrate
% change on base speciﬁc
permeability to nitrogen
gas kg after 500 ml/min
ﬂowrate
0 1.81 3.61 3.61 6.27
Formation damage due to ﬁnes migration 5195. Coreflood test procedures [12]
1. The core sample (prepared to 100% gas saturation) was
loaded into a core holder (Fig. 6) to reservoir conditions
(Table 2).
2. A base speciﬁc permeability measurement to humidiﬁed
nitrogen gas was undertaken in the formation to wellbore
direction at a low ﬂowrate to avoid ﬁnes migration.
3. Under reservoir conditions, the humidiﬁed nitrogen gas was
ﬂowed into the core sample, in the formation to wellbore
direction at 5 different ﬂowrates. During each separate
ﬂowrate efﬂuent was collected and the weight of eluted
material measured.
4. Once adequate pore volumes of humidiﬁed nitrogen gas
were allowed to ﬂow at each different rate, a speciﬁc perme-
ability to humidiﬁed nitrogen gas was undertaken at the
same ﬂowrate as used to determine the base speciﬁc perme-
ability alteration.
5. On ofﬂoading the core sample, photography and visual
observations were made.The results of coreﬂood test for the sample Sap Dj_1
(Table 3) showed that the alteration in speciﬁc permeability
suggested a slight increase in permeability when compared to
the base permeability measurement. The alteration in speciﬁc
permeability at this stage in testing may have been due to clay
ﬁnes migrating and eluting from the core sample.
The results of coreﬂood test for the sample Sap Dj_2 (using
gravel pack and mesh screen coupon equivalent to a 20 micron
ﬁlter was used) (Table 4) showed that the alteration in speciﬁc
permeability suggested damage was present within the core
sample. The alteration in speciﬁc permeability at this stage in
testing may have been due to clay ﬁnes migration. Overall
the speciﬁc permeability in the core sample was affected by
both pore restricting/ﬂow reducing mechanisms and pore
enlarging/ﬂow enhancing mechanisms with dominating pore
restricting/ﬂow reducing mechanisms. The dominating pore
restricting/ﬂow reducing mechanisms therefore led to the
reduction in the permeability overall.
The results of coreﬂood test for the sample Rosetta 10
(Table 5) showed that the alteration in speciﬁc permeability
Table 6 XRD analysis of Sapphire-1.
ID.DATA Clay minerals Others
S. no. Depth Sm. Sm./IL Ch IL. Kao Total clay Qz ALK feld. Plag. feld. Calc. Dol. Sid. Hem. Pyr
1 2843.0 3.0 23.3 – 3.9 10.1 40.3 25.7 11.3 2.2 4.7 2.1 4.9 4.2 4.6
2 2820.0 4.3 26.2 – 8.4 14.7 53.6 15.6 8.2 4.3 2.5 1.8 5.4 4.5 4.1
3 2818.0 2.8 20.4 – 5.3 7.8 36.3 35.2 10.1 – 6.0 4.5 – 4.7 3.2
4 2813.0 7.2 24.7 – 8.2 11.5 51.6 20.4 9.2 2.5 3.6 2.4 2.0 4.1 4.2
5 2805.0 5.1 24.8 – 8.1 8.3 46.3 25.6 9.3 – 4.5 3.8 2.0 4.3 4.2
6 2804.0 3.5 18.1 – 7.0 7.2 35.8 40.6 6.9 – 4.9 3.4 – 5.1 3.3
7 2802.0 5.2 25.5 – 8.0 8.6 47.3 16.3 10.4 2.0 11.0 2.3 2.0 4.6 4.1
8 2796.0 5.0 20.7 – 8.3 10.0 44.0 23.5 8.2 3.1 5.5 3.8 2.6 4.9 4.4
9 2782.6 3.4 18.2 – 5.3 6.8 33.7 41.9 5.9 – 4.7 3.0 3.5 4.1 3.1
Table 7 XRD analysis of Simian Di.
ID.DATA Clay minerals Others
S. no. Depth Sm. IL Sm./IL Ch Kao Total clay Qz ALK feld. Plag. feld. Calc. Dol. Sid. Hem. Pyr
1 2232.0 3.7 4.9 28.5 – 5.5 42.6 22.7 6.7 2.2 7.4 – 6.9 7.3 4.2
2 2222.0 4.1 6.1 30.7 – 4.2 45.1 14.2 7.3 1.3 6.0 – 15.0 6.5 4.6
3 2160.0 4.5 3.7 28.3 – 3.4 39.9 31.6 5.7 – 3.6 8.6 3.1 4.0 3.6
4 2141.0 2.7 3.3 29.7 – 3.8 39.5 24.1 7.4 2.4 6.0 – 9.4 5.8 5.4
5 2135.0 2.4 7.3 19.2 – 6.5 35.4 27.1 8.2 3.0 6.1 3.1 8.0 4.8 4.3
6 2122.0 3.5 6.2 22.3 – 5.4 37.4 30.5 9.1 2.7 3.8 5.1 3.5 7.2 3.7
7 2119.0 3.1 7.4 21.2 – 6.6 38.3 23.1 9.6 3.1 5.5 4.7 6.6 5.3 3.8
8 2108.0 4.3 9.7 28.4 – 7.2 49.6 16.8 8.7 – 5.6 4.1 7.5 4.7 4.0
9 2100.0 2.6 8.2 23.1 – 8.3 42.2 26.0 10.0 2.5 – 6.3 3.5 5.3 4.2
10 2092.5 3.2 8.7 24.5 – 7.8 44.2 19.2 9.5 – 7.5 4.0 6.6 5.8 3.2
Table 8 Precipitation risks and mitigation actions.
Precipitation
risk
Mitigation
measure
Action
Alkali
ﬂuorosilicate
(e.g. K2SiF6)
Avoid contact
with K, Na,
Ca
NH4Cl pre-acid pre-ﬂush
Calcium
ﬂuoride (CaF2)
Remove
calcites
Organic acid pre-ﬂush (formic
or acetic)
Aluminum
ﬂuoride (AlF3)
Maintain low
PH
Use of relatively weak and low
concentration acid based on
availability (OCA for insitu HF
generation)
Table 9 CAT results for acid treatment efﬁciency testing
sample.
Well Depth
(m)
Visible features on the CT scan
Sapphire
Dj
2799.17 No visible bedding features. The core sample
appeared relatively homogeneous, with high
and low X-ray density spots scattered
throughout. These most likely represented
coarser grains or patchy cementation
520 S.K. Galal et al.suggested a slight decrease in permeability when compared to
the base permeability measurement. Clay ﬁnes migrated in the
wellbore to formation direction during humidiﬁed nitrogen gas
injection. It was observed that some of these ﬁnes had been
concentrated in the wellbore inside and the formation inside
of the core sample and had also been removed from the well-
bore face.
6. Acid matrix stimulation in WDDM
As compatibility issue between the treating ﬂuid and the for-
mation rock is more signiﬁcant in sandstones knowledge of
the reservoir mineralogy is very important. X-ray Diffraction(XRD) was conducted for samples from different WDDM
wells and XRD results showed high total clay content
>30% which indicates a high risk for formation ﬁnes migra-
tion as the clays are the source of ﬁnes. Also it showed the high
percentage of Smectites that are considered water sensitive as
Smectite can Swell 600 times its Original Volume by taking
water and the presence of chlorite that showed a risk of HCl
sensitivity (Tables 6 and 7).
Based on XRD analysis of WDDM samples, organic clay
acid (ammonium biﬂuoride + boric acid + organic acid
+ additives) was recommended for WDDM as it is not aggres-
sive and the total clay content of the formation is greater than
30% and WDDM high-bottom hole temperatures.
There are some risks related to the acidizing treatment that
had been mitigated by some actions (Table 8).
Table 10 Acid treatment efﬁciency testing condition.
Sample Overburden pressure
(psi)
Reservoir pressure
(psi)
Eﬀective pressure
(psi)
Drawdown pressure
(psi)
Reservoir temperature
(C)
Sap Dj 7966 3704 4262 400 77
Figure 7 Sapphire Df well performance.
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Core sample from Sapphire Dj (Tables 9 and 10) was selected
to determine any alteration in effective permeability by the
application of drawdown to humidiﬁed nitrogen gas up to
400 psi then treatment ﬂuid sequence application followed by
drawdown to humidiﬁed nitrogen gas up to 400 psi. The
results of core treatment by organic clay acid showed that
before acidizing the core permeability had been decreased by
16.5% from the base effective permeability due to ﬁnes
migration while it had improved by +1.47% from the base
effective permeability after applying the acid treatment due
to dissolving the ﬁnes particles with acid.
The applied acidizing technique using organic clay acid
was:
1. Pre-acid pre-ﬂush (NH4Cl solution).
2. Acid pre-ﬂush (formic or acetic acid).
3. Main treatment (organic clay acid).4. Over-ﬂush/displacement (NH4Cl).
5. Displacement of any ﬂuids using nitrogen (N2)
8. WDDM acid treatment case
Sapphire Df started production in February 2006. Sapphire Df
is understood to be completed in the part of the Sapphire for-
mation with comparatively poorer reservoir quality and rela-
tively isolated hydrocarbon volume. Based on production
history for this well, there is a steep gas rate decline starting
in July 2007 after a brief period of producing more than
140 MMscfd (Fig. 7). The well has dropped below
10 MMscf/d while it has produced only 98.5 Bscf out of
185 Bscf gas in place with reservoir pressure still high
(150 bar). The Sapphire ﬁeld is comparatively a high conden-
sate gas ratio reservoir (20 bbl/MMscf) without known water
invasion issues. Review of the pressure build-up (Fig. 8)
records for this well shows that the observed loss in the well’s
Figure 8 Sapphire Df rate normalized log–log history.
Figure 9 Sapphire Df logs.
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Figure 10 Sapphire Df skin.
Figure 11 Sapphire Df Rate normalized log–log comparison after acidizing.
Formation damage due to ﬁnes migration 523deliverability is not necessarily only due to depletion but also
as a result of reduction in the wells ﬂow-potential, effective
KH (Fig. 9).
Accompanying the reduction in effective KH over time in
this well is the progressive increase in the total skin trend
(Fig. 10) which may suggest formation damage from mobilized
ﬁnes. Breakdown of the total skin into component parts (dam-
age and D-factor) shows considerable increase in D-factor in
the November 2010 pressure BU over that in the well clean-
up phase in 2005. This increase in D-factor is possibly due tosand screen plugging which may have an increased ﬂow con-
vergence around the screen.
The acid job was implemented by using organic clay acid
(OCA) for matrix stimulation using coiled tubing system.
The KH and skin values obtained from the BU after acidiz-
ing (May 2013) showed minor improvement which coincide
with the behavior of the well at October 2011 (Fig. 11) and
by monitoring the well performance after the acid job, it was
clear that there was a steep gas rate decline due to the mobi-
lization of the ﬁnes again (Fig. 12).
Figure 12 Sapphire Df well performance after acidizing.
524 S.K. Galal et al.9. Conclusions and recommendations
1. Core ﬂood test has shown that ﬁnes migration can reduce
the permeability of the formation by 22% of its original
permeability.
2. Acidizing alone doesn’t not help in solving the formation
damage due to ﬁnes migration but help to dissolve ﬁnes,
enlarge pore-throat size to diminish near wellbore particle
bridging.
3. The recommended treatment for ﬁnes is a combination of
acidizing to dissolve ﬁnes, enlarge pore-throat size and con-
solidation of the formation to lock in place those ﬁnes that
are not removed by the treatment and prevent future ﬁnes
re-invasion.
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